The aim of this study was to evaluate the potential of eyeball examination using whole body USG equipment for patients up to 18 years of age. The sonographic findings were compared with ophthalmoscopic results and clinical progress; follow-up sonographic examinations were carried out in many cases. Serious clinical states were operated and it was then possible to compare sonographic findings with surgical reports. Results obtained by other imaging methods, i. e. CT and/or MR examination, if these were carried out, were also used for comparison and for determination of the diagnostic yield of the sonographic examination of the eyeball. Using whole body USG equipment the most frequent pathological lesions of the posterior segment of the eyeball were unambiguously visualised. The results were statistically analysed. The results justify the thesis that the sonographic examination of the eyeball is the most useful, and most frequently, also the definitive imaging method for infant patients and its contribution, for example to differential-diagnostic judgments regarding vague findings on papilla, has a farreaching consequence. Last but not least, it is necessary to mention the cost-effectiveness of USG examination in comparison with both CT and MR examination.
INTRODUCTION
Ultrasound in ophthalmology was first used in the year 1956 by two American ophthalmologists, Mundt and Hughes 1 . In the sixties, imaging of the eyeball and orbit using ultrasound was popularised by the Australian ophthalmologist Ossoining 2, 3 . In ordinary ophthalmological practice however use of ultrasound is still not widespread. This may be due to the high cost of specialized ophthalmologic USG equipment and their limited availability. Only little was written and mentioned about possibility to use whole body USG equipment which is designed for the examination of various organs. Results presented in this report indicate the potential of sonography in pediatric ophthalmology practice according to own experiences.
MATERIALS AND METHODS

Technical details of investigation
The investigated set includes sonographic examination of the eyeball in pediatric patients over the years 1993 through to 1999. Up to 1999 we used sonograpic equipment SONOLINE 2 (Siemens), with 7,5 MHz sector transducer. In 1999, patients were examined with SONOLINE VERSA PLUS (Siemens) with linear transducer at a frequency 7,5 MHz. To explore the anterior segment we used a stand -off for the elimination of the near field of the B image. We used the gel SONOPAD (CO ORD-MED CS) which is employed for sonographic examination of superficial layers. During examination the child is laying on his back with the head lightly inclined backwards. After applying a minimum quantity of ophthalmic ointment (Ophthalmo-Azulen) to the closed eyelid the transducer was applied. Then followed an indirect, transpalpebral examination. In the majority of cases, both eyes were examined without consulting the referring physician. If some control examination was needed, then we examined only the single eye. The findings were documented on multiformatted camera (Uni Quattro) or termoprinter (Mitsubishi). Using the Sonoline Versa equipment it was possible to save the data in digital format on diskette.
Patient groups
From 1. 5. 1993 to 31. 12. 1999 a total of 1468 USG eyeball examinations was made in 1101 patients. One examination implies a single patient not single eyeball. The investigated set includes 247 examinations in pediatric patients up to 18 years of age or 16,8% of the total. Indications for USG examination of the eyeball were determined by the ophthalmologists. Most frequently the patients were referred through the Eye Clinic and and the Department for squint and amblyopic children of the Faculty Hospital in Ostrava.
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Characteristics of the group: Basic diseases (frequently not included in clinical reports) for which the children were followed by ophthalmologist
The most frequent basic disease for which children were followed and sent for was perinatal risk (52 investigations or 21%) and eyeball trauma (38 investigations or 15,4%). (Table 1 The most frequent indication for sonography was first vague finding on papilla of the optic nerve (71 examinations or 28 %), second opaque ocular media in the anterior segment (45 examinations or 18,2 %). In lower age groups it was caused mainly by congenital cataract, in older age groups by trauma.
Ophtalmologic indications for USG examination
Ocular findings in individual groups of basic diseases
In patients with perinatal risk the most frequent indication for sonographic examination was congenital cataract and suspicion of retinal detachment (13 examinations, 25%). In patients with trauma history the most frequent indication was opaque ocular media in the anterior segment (blood in anterior chamber and corneal oedema), (14 examinations 36,7%) and posterior segment (blood in the vitreous humour), (12 examinations or 31,6%).
Data analysis
The sonographic findings were compared with ophthalmoscopic findings and clinical progress and with follow-up sonographic examinations. Serious clinical states required surgery and then it was possible to compare sonographic examination with the operation report. Results obtained by other imaging methods, i. e. CT and/or MR examination, if these were carried out, were also used for comparison and for determination of the diagnostic yield of the sonographic examination of the eyeball. The data were statistically analysed.
RESULTS
The results of sonographic examination of the eyeball were divided into the basic categories shown in Table 2 . In 111 examinations, sonographic findings of the posterior pole were normal, the area of the vitreous humour was completely anechogenic, it was surrounded by the hyperechogenic eyeball wall (Fig. 1 ). Pathological changes in vitreous humour were found in 55 cases. Most frequently this was bleeding and postoperative changes (23×), proliferative changes in the vitreous humour, connected with retinopathy of the preterm 14× (these always agreed with ophthalmoscopic findings), hemophthalmus 8× (Fig. 2) , inflammatory changes in vitreous humour 7× (Fig. 3) , manifestation of endophthalmiditis 3×. Inflammation was in 5 cases confirmed laboratory. CT examination was performed three times, always with negative results (no changes in vitreous humour were detected on the image), that is, the CT scan gave 3× false negative results. MR investigation was used twice, and showed changes in vitreous humour, confirmed sonograhic findings but otherwise made no further diagnostic contribution.
Definite findings of drusen on the papilla of the optic nerve, displayed as hyperechogenicity in the region of the optic nerve exit with pronounced acoustic shadow, was determined 51× (Fig. 4) . Eodema of the papilla (Fig. 5 ) which sonography showed as hyperechogenic prominence in the region of the optic nerve papilla without acoustic shadow, was diagnosed 5×. This finding was verified by follow-up examinations, when after employing anti-eodema therapy the finding has normalised in confirmation with ophthalmoscopic findings. Retinal detachment was diagnosed 10× (Fig. 6) . In five cases the small patients were operated and the sonography results were confirmed by the surgeon. Microphthalmus was found in six cases, other findings in nine examinations (Fig. 7) .
The youngest of 23 patients up to one year of age was two days old. Seven children were investigated for opaque ocular media in the anterior segment (congenital cataract), the other in connection with retinopathy of the preterm. Through sonography we found 4 cases of microphthalmus, in the other cases the sonographic findings were normal. Children with cataract were operated and during the operation no other eyeball disorder was discovered. 50 investigations of preschool children aged 1-5 years were made in total. Sonography was evaluated as normal in 27 examinations, changes in the vitreous humour were found in 11 cases, findings on the papilla of the optic nerve in total 6×. Three times were evaluated as drusen on the papilla and three times as eodema of the papilla. These results were always confirmed by clinical progress and control USG examinations. Half the cases, (25×) were originally preterm infants being followed for different expressed stages of retinopathy of the premature.
School children formed nearly half of the investigated set (123). In these patients basic diagnosis were frequently not included (73×), 23× the children were referred with diagnose trauma, 16× they were examined for disorder of eyeball movement. Young people aged 16-18 formed a group of 51 investigations. Trauma of the eyeball was studied in 15 cases, nine patients needed sonography for perinatal risk and disorder of eyeball movement.
For trauma of the eyeball 38 investigations in total were completed in 27 children (24 boys, 3 girls). Perforation injury of the eyeball was the reason of the examination in 4 cases, contusion of the eyeball was diagnosed by the ophthalmologist 20×. In three children the type of injury was not announced. Enquiries concerning the causes of the prevalence of trauma in boys were not unsurprisingly; fighting (5×), blow from sports instrument (5×), wide range of objects (bottle caps, aronia berries) insults (5×), work injuries (2×), firearm accidents (2×). The reason for sonographic investigation of the eye was most commonly opaque ocular media (26×) and suspicion of retinal detachment (6×). The sonographic results were normal in 15 cases, a diagnosis of retinal detachment was made in 6 cases, of which 3× it was a new finding in the eye with hemophthlamus. Changes in the vitreous humour were diagnosed 17×, of which in one case it was established as subluxed lens (Fig. 8) . The CT examination of the eye and orbit in connection with brain scan was followed in 5 patients, without producing new information about eyeball defects. Seven children were operated on and the operation protocols showed results confirmed sonographic findings.
Correlation of acquired results with other findings
Sonographic examination was always the first method of choice. CT examination of the eyeball was realized in 8 patients. In five small patients the results corresponed to sonographic findings, in 3 cases the CT results failed to display findings noted by sonography, that is, the CT scan gave three false negatives. MR examination was performed two-times, both cases confirmed sonographic findings. Following the sonography in total 18 children were operated. Surgical reports confirmed sonographic findings.
DISCUSSION
Sonographic examination unambiguously deserves the foremost position in the algorithm for imaging pathological states of the eyeball because of the absence of radiation risk, simplicity, rapid result, a good availability and low cost. In the examination of infants and newborn children an important role plays the absence of anesthesia which must be applied during CT and MR examinations. A further advantage of sonography compared with CT and MR examination is the fact that in sonography of the eye it is possible to image the movement of different pathological structures, what is a very important phenomenon for the differential diagnostic considerations. It deals above all with imaging of pathological states of the vitreous humour and retinal detachment or ablation of chorioid. In the algorithmus for imaging ocular structures in pediatric patients the whole body USG equipment holds principle position because of its possibility to create high quality images of the posterior pole of the eyeball and to spare the children of further examinations. The basic contribution of sonography is diferential-diagnostic judgments regarding vague findings on papilla of the optic nerve 6, 7, 8 . Determining a diagnosis of optic nerve drusen excludes oedema of the brain and, of course, all diagnostic procedures which are connected with this patological state 9, 10 . MR examination is the second in algorithm for imaging pathological states of the eyeball. It is irreplaceable in imaging patological states of the eyeball, for detecting and diagnostics changes in the eyeball wall and in the imaging of tumour spreading 11, 12, 13, 14 . MR examination can easy and distinctly image vitreous opacities although, as in the case of sonography, it does not contribute to the cause of this state. The value of the verdict from the MR examination for the assessment of pathological conditions of the eyeball, is higher than CT examination. Disadvantages of MR examination include length of the investigation (20 mins), its poor availability and also the cost of the examination. MR examination is expensive and its cost is raising using the special induction coil for eyeball investigation, and finally using the contrast medium 15 . Another disadvantage is also influence of spontaneous movements of the eye which lead to annoying movement artefacts. Suspected presence of metal foreign bodies in the eyeball or in the orbit are one of the contraindications against MR imaging not only eyball and orbit but also CNS. During MR examination the intraocular metal foreign body may shift by 7-10 mm, and this can lead to serious injury to ocular structures 16, 17, 18 . In the case of CT examination of the eyeball it is necessary to bear in mind the radiation risk of the eye lens which is a highly radiosensitive organ. On top of Sonographic examination of the eyeball using whole body USG equipment in children: potential and clinical significance that is the fact that it is necessary to repeate the examination with application of contrast medium i. v. (using of helical method scanning provides the possibility for lowering the risk). The basic principle of radiation protection in examination of the eyeball and orbit, is the justification for its use and this must be born constantly in mind. More often than in other indications, it is necessary to consult the referring physicians about the expected diagnosic contributions and if there is ambiguity, to propose another imaging method which can give the required information without radiation burden for the patient. A further disadvantage of CT exmination is the proportionally small difference in the density of vitreous body and the eyeball wall, making it impossible to image fine lesions. Intravenous application of the contrast medium does not contribute to result, because the exact measurement density of small lesions is not possible. Further negative effects (allergy, kidney failure) are connected with the application of contrast medium i. v. During the examination of pediatric patients, the side effects of anesthesia are also necessary to be taken in account.
CONCLUSIONS
Sonographic examination unambiguously deserves the foremost position in the algorithm for imaging pathological states of the eyeball because of its effective contribution to the diagnose, and as a result, subsequent therapy of eye diseases without increasing the exposure of sick people to radiation. The results justify the thesis that the sonographic examination of the eyeball is the most useful, and most frequently, also the definitive imaging method for infant patients, and its contribution, for example to differential-diagnostic judgments regarding vague findings on papilla, has a far-reaching consequence. Last but not least, it is necessary to mention the cost-effectiveness of USG examination in comparison with both CT and MR examinations. 
